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1
Tab.1 The relative merits and the range of pseudo-static method

Pushover )
1.1
¥ , (1)
u(z):Lu cos - (1)
2 2H
cu(z) z " o
i A d ?«m iy m]i%{mﬂ

° ZB| ¥ K .
Rl EI
( , Kog™ o £ 4 £k

) Ky

T 7

1
’ ’ Fig.1 The diagram of response displacement method
o for seismic calculation
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p(2)=k,(u(z)-u(zg)) (2)
p(z)=ky(u(z,)-u(zp)) (3)
: p(z) ;p (20) su(z),u(zp) ,u
(Z ) Zz 2 z ,k ,k
1.2
kV:KV l d (4)
1
SV= 37 kV (5)
=K, [ d (6)
1
ksh: 37 kh (7)
k k. sk k
3K, Ky 9l ,d
2
2.1
M [ {u(®))+[C [{u@)|+[K |{u(t)}={p)] 9)
(M | ; 1C ; K | slu()) s{u(e) )
slu(t) ;ip@0)] .
( )
( lu(1) ) Hu(@®)) ,
M [ {u(®))+[C [{u@) |+[K [{u(t)|=—[M |{u,(t)] (10)
{ug(2)}
2.2
o Alphad  Beta . o
. (Rayleigh)
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Rayleigh M K .
C= oM + BK (11)
a B Rayleigh ca B :
¢ = a2w+ Bw/2 (12)
® , € o B w )
20; w; (& 0~ & o;
a= 2000 £ 0 600 (13)
_ 2 w-¢iw)
p= b e (14)
HOH w; L ] H §i §] ,
2.3
(M [ {u(®)]+[K |{u(t) =0 (15)
M | s (K] slu()) s lu(®)) 0
([K |-’ M]) (¢ |=[0] (16)
w ; o 0
| [K |-’ [M | [ =0 (17)
24
o Sommerfeld . . .Clayton—Engquist \Higdon .
Higdon N . L
Sommerfeld .Clayton-Engquist \Higdon . Higdon
[o-10],
() =Kt (£)~Ciaty (1) (18)
:l si:x5ysz 3 ;t ) O-Iivuth.Lli l L ’ OKZi9
Cli l I’ ’ ) ;K[L':O o
, i=x,y,z 3
) [o-10]
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K= c=pe, (19)
K:LrG ,C=pc, (20)
:P 9 cp 5 Cs s 5 G ¢}
2.5
N o e
@'
"(t)= —™= a(t 21
a'(t) .ot (21)
(1) ;oalt) G 0
3
31
o 325 m, 0.25 m, 3.0 m,
13.38 m, 2.15 m, B 314 7.
0.10 F3N o << >> 550
10% 0.099 6 g, JE2
,E3 o] b
2 °
3.2
70 m, 13.38 m, 16.38 m, H=45 m,
45 m 500 m-s™ .
(D~3) 3 ,
(4)~(8) , 4 o
2
Table 2 The physical and mechanical parameters of soil
Po ¢ ¢ c ¢
/(g+em™) /kPa /() /kPa /(°) Vs/(m-s™)  /MPa
<1> 1.83 12.0 8.0 15.0 10.0 170.0 5.0 0.30
<2-2> 1.81 3.0 23.0 5.0 25.0 140.0 8.0 0.30
<2-4> 1.94 11.9 9.80 15.0 12.0 170.0 12.0 0.33
<2-2> 1.81 3.0 23.0 5.0 25.0 140.0 8.0 0.30
<3-2> 1.91 0 30.0 0 32.0 220.0 23.0 0.25
<7-1> 2.25 35 23 38 24 480.0 80.0 0.24
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3
Tab. 3 The support displacement and nodal force for spring bearing
H U z U(z) /m /kN
9~30 45 0.084 34 0.043 442 0.006 284 62.84
99 45 0.084 4.4 0.043 235 0.006 076 60.76
100 45 0.084 5.4 0.042 975 0.005 817 58.16
101 45 0.084 6.4 0.042 663 0.005 505 55.04
102 45 0.084 7.4 0.042 298 0.005 140 51.39
103 45 0.084 8.95 0.041 632 0.004 474 44.74
104 45 0.084 9.95 0.041 137 0.003 979 39.79
105 45 0.084 10.95 0..040 593 0.003 434 34.34
106 45 0.084 11.95 0.039 998 0.002 840 28.39
107 45 0.084 12.95 0.039 356 0.002 197 21.97
108 45 0.084 13.95 0.038 665 0.001 506 15.06
79 45 0.084 4.4 0.043 235 0.006 076 60.76
80 45 0.084 5.4 0.042 975 0.005 817 58.16
81 45 0.084 6.4 0.042 663 0.005 505 55.04
82 45 0.084 7.4 0.042 298 0.005 140 51.39
83 45 0.084 8.95 0.041 632 0.004 474 44.74
84 45 0.084 9.95 0.041 137 0.003 979 39.79
85 45 0.084 10.95 0..040 593 0.003 434 34.34
86 45 0.084 11.95 0.039 998 0.002 840 28.39
87 45 0.084 12.95 0.039 356 0.002 197 21.97
88 45 0.084 13.95 0.038 665 0.001 506 15.06
51~68 45 0.084 15.93 0.037 159 0.000 000 0
4 .
Tab.4 The calculation result of spring stiffness, shear force and inertia force KN-m'

10 000 3334 6.45 1.953

10 500 2834 17.6 0.977

8 000 3334 28.75 2.197

10 500 2 834 17.6 1.709

5 o
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5
Tab.5 The contrast of calculation results for static method and the response displacement method
/ / /
/mm
(kN+m)/ (kN) (kN+m)/ (kN)  (kN-m)/ (kN) 1% 1% 1%
(800) 170.28/ 326.2 231.96/462.9 219.8 /346.2 0.22 0.25 0.72
(800) 1025.3/522.7 1 119.1/706.9 717.1/487.7 0.50 0.56 0.77
(800) 296.2/457.3 257.4/505.8 237.1/375.8 0.24 0.26 0.72
(700) 1202.3/708.7 1 365.9/989.7 873.14/650.5 0.77 0.82 0.88
(700) 117.8/160.7 239.1/330.1 225.80/247.4 0.23 0.29 0.79
(700) 563.27/694.3 1 400.8/1114.5 895.93/739.6 0.35 0.86 0.88
(700) 283.24/229.7 247.95/329.9 229.10/247.6 0.33 0.37 0.79
(900) 1264.84/753.9 1 365.92/989.6 873.14/650.5 0.53 0.53 0.68
(900) 208.87/705.1 246.12/770.6 245.11/533.9 0.21 0.21 0.64
(900) 634.64/709.9 1 421.3/1044.4 911.16/688.4 0.24 0.55 0.68
=14 400/(23.1x0.7x1.2x1 000)=0.74<0.75,
3.3
3.3.1
, Midas GTS NX
2,
2
I mxI m, Fig.2 The calculation model for time history analysis method
o <7-1> , ,
3
332
o ( b
o 6. , 1
, 63.48% 6.75%, , 0.395 9
0.869 4; 0.05 o
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Tab.6 The result table of eigenvalue analysis
& & kg 1%
1 6.189 069e+000 2.487 784e+000 3.959 431e-001 6.106 454e+006 63.48
2 1.050 348e+001 3.240 907e+000 5.158 063e-001 2.016 108e+004 0.21
3 1.083 890e+001 3.292 249e+000 5.239 776e-001 1.006 387e-001 0.00
4 1.391 426e+001 3.730 182e+000 5.936 769e-001 3.838 877e-004 0.00
5 1.679 617e+001 4.098 313e+000 6.522 668e-001 1.995 837e-004 0.00
6 1.742 083e+001 4.173 827e+000 6.642 852e-001 2.026 420e+003 0.02
7 2.565 294e+001 5.064 873e+000 8.060 996e-001 2.886 631e-003 0.00
8 2.863 113e+001 5.350 806e+000 8.516 073e-001 9.291 608e+004 0.97
9 2.984 161e+001 5.462 748e+000 8.694 233e-001 6.493 745e+005 6.75
10 3.727 389e+001 6.105 235e+000 9.716 783e-001 5.490 577e+005 5.71
7.419 990e+006 77.14
9.619 197e+006
3.33
{u,(2) ] , 2%
, 0.02 s, 40 s, ,
334
, 0~25 s
25 s, 0.1 s, 1
9 0.05 ,
; , 9.674 mm, 1.12x107%;
8.045 mm, 1.278x107, 16 s,
, ( ) 10.23 mm, 1.191x107;
( ) 8.993 mm, 1.390x107,
11.2 s,
, ( ) 12.33 mm, 1.368x107;
( ) 10.72 mm, 1.634x107, 144 s,
, 4x1073,
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3 ( :m t=16.0 s) 4 ( :m =112 s)
Fig. 3 The horizontal displacement of the station structure Fig.4 The horizontal displacement of the station structure

7
Tab.7 The summary table of inter—story displacement
angle of subway station

1.121x107 1.278x107
1.191x107 1.390x107
5 ( :m t=144 s) 1.368x107 1.634x107
Fig.5 The horizontal displacement of the station structure
4
1) )
b b (0'75 ) b o
2) ,
’ b b b
, ; (4x107),
3) ,
b o
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Analysis Method of Seismic Behavior for
Metro Underground Station

Zhou Canlang,Long Xi’an
(Guangzhou Metro Design & Research Institute Co.,Ltd.,Guangzhou 510230, China)

Abstract: The two analysis methods of structural seismic (response displacement method and time history analysis
method) are discussed in this paper for the underground station based on the actual project of Li Cun Station in
Metro line No.3 in Foshan. The response displacement method is on the premise of seismic response calculation
of one—dimensional soil layer, and is on the basis of deformation value of the surrounding soils under earthquake
action. Two —dimensional structure model is established for the subway station and the equivalent earthquake
force is calculated by using the deformation value, which is loaded in the structural model in static form. The re-
sults of seismic response and static method are compared and the change law of internal force is summarized. Be-
sides, the time history analysis method is on the basis of dynamic finite element theory. Limited soil from half—
space should be selected and the viscous—spring artificial boundary should be used for this method. Also the
record values of seismic wave must be adjusted reasonably. And the rayleigh damping is used which has the ad-
vantages of convenient calculation, memory saving and high accuracy. A whole calculation model is established
which include the structure and the surrounding soil based on Midas GTS NX software. And the natural frequen-
cy and vibration modes of the structural system are solved through the modal analysis. The dynamic characteris-
tics of underground structures is simulated under the seismic load. And the displacement time history response
and deformation law are revealed under earthquake action of the subway station. The article provides the basis for
a seismic design for subway station through the two methods of seismic performance analysis.

Key words: metro station;structural seismic;response displacement method; nonlinear time history analysis
method ; Midas GTS NX
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